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Kehadiran pembukaan dalam rasuk konkrit bertetulang (RC) secara automatik 
mengurangkan kapasiti beban rasuk RC dengan ketara diikuti dengan keretakan dan 
pesongan berlebihan. Untuk memulihkan kehilangan kekuatan, polimer bertetulang 
karbon (CFRP) yang merupakan salah satu serat sintetik telah dipilih untuk digunakan 
sebagai bahan pengukuhan. Di samping itu, CFRP memberikan kekuatan tambahan yang 
agak tinggi untuk rasuk. Walau bagaimanapun, untuk mempromosikan penggunaan 
CFRP dalam pembinaan hari ini, kos CFRP yang tinggi telah terbukti menjadi halangan. 
Sebaliknya, polimer serat semulajadi yang lebih mampan dan lebih murah adalah 
alternatif sempurna untuk serat sintetik. Objektif utama kajian ini adalah untuk mengkaji 
kelakuan dan potensi plat komposit bertulang buluh sebagai bahan pengukuhan. 
Beberapa rasuk dengan dimensi 120 x 300 mm dan panjang 1500 mm dimodelkan dalam 
tiga dimensi (3D) sebagai rasuk yang disokong hanya di ANSYS + CivilFEM 12.0. 
Dalam kajian ini, terdapat tiga (3) jenis konfigurasi untuk rasuk yang dianalisis iaitu rasuk 
konvensional, rasuk yang tidak diperkukuh pada lenturan dan rasuk dengan bukaan. 
Rasuk ini dipertingkatkan lagi dengan BFRCP untuk memeriksa kebolehpercayaan 
BFRCP. Analisis unsur hujung (FEA) telah dilaksanakan untuk mendapatkan keputusan 
tertentu yang merupakan keluk beban pesongan, corak retak, kontur tekanan dan kontur 
terikan. Dari FEA, rasuk RC mengalami penurunan sebanyak 10.8% dari segi keupayaan 
galas beban apabila stirrups di zon lenturan dikeluarkan. Kemudian, penggunaan BFRCP 
sebagai bahan pengukuhan pada zon lenturan berjaya mengembalikan 71.1% kehilangan 
kekuatan yang hampir sama dengan kekuatan asal. Kerugian kapasiti beban besar terjadi 
apabila pembukaan dibuat dalam rasuk dengan peratusan kerugian sebanyak 47.4%. 
Penggunaan BFRCP di zon ricih berjaya mengembalikan 38% kehilangan kekuatan. 
Selepas itu, keputusan FEA dan keputusan percubaan telah disahkan. Bagi rasuk pepejal, 
lengkung-belitan beban menunjukkan persetujuan yang kuat dengan perbezaan peratusan 
0.3%. Untuk rasuk yang tidak diperkukuh pada lenturan, perbezaan 1.8% yang 
membuktikan perjanjian yang kukuh. Rasuk yang diperkuat dengan lentur dengan 
BFRCP menunjukkan persetujuan yang kuat kerana perbezaan peratusan hanya 1.4%. 
Rasuk dengan bukaan juga dalam perjanjian yang kuat dengan perbezaan peratusan 
sebanyak 4.7%. Rasuk dengan bukaan yang diperkuat dengan BFRCP mencapai 
persamaan yang setanding dengan perbezaan peratusan sebanyak 19.5% yang masih 
dalam jangkauan yang dibenarkan. Dari segi corak retak, perjanjian yang kukuh antara 
semua keputusan FEA dan keputusan eksperimen diperolehi. Sebagai kesimpulan, plat 




Presence of opening in reinforced concrete (RC) beam automatically reduce the load 
capacity of the RC beams significantly followed by excessive cracking and deflection. 
To recover the loss in strength, carbon reinforced polymer (CFRP) which is one of 
synthetic fibre was opted to be used as strengthening material. In addition, CFRP provide 
a relatively high additional strength for beam. However, in order to promote the usage of 
CFRP in construction today, the high cost of CFRP was proved to be a hindrance. On the 
contrary, natural fibre polymer which is more sustainable and cheaper was a perfect 
alternative to synthetic fibre. The main objective of this research was to study on the 
behaviour and potential of bamboo reinforced composite plate as the strengthening 
material. Several beams with dimensions of 120 x 300 mm and a length of 1500 mm were 
modelled in three-dimensional (3D) as simply-supported beams in ANSYS+CivilFEM 
12.0. In this research, there were three (3) types of configurations for beams that were 
analysed which are conventional beam, beam unstrengthened at flexural and beam with 
openings. The beam was further enhanced with BFRCP to check the reliability of 
BFRCP. Finite element analysis (FEA) was implemented to obtain certain results which 
are the load-deflection curve, crack pattern, stress contours and strain contours. From 
FEA, the RC beam undergone a reduction of 10.8% in terms of load bearing capacity 
when the stirrups at the flexural zone were removed. Then, application of BFRCP as 
strengthening material at flexural zone managed to regain 71.1% of the strength loss 
which almost the same as the original strength. A huge load capacity loss occured when 
opening was created in the beam with a percentage loss of 47.4%. Application of BFRCP 
at the shear zone managed to regain 38% of strength loss. After that, FEA results and 
experimental results were validated. For solid beam, the load-deflection curve showed a 
strong agreement with percentage difference of 0.3%. For beam unstrengthened at 
flexural, the difference 1.8% which proved a strong agreement obtained. Beam 
strengthened at flexural with BFRCP showed a strong agreement as the percentage 
difference was 1.4% only. Beam with openings also in a strong agreement with 
percentage difference of 4.7%. Beam with openings strengthened with BFRCP reached a 
comparable agreement with percentage difference of 19.5% which is still within 
permissible range. In terms of crack patterns, a strong agreements between all results of 
FEA and experimental results were obtained. As conclusion, bamboo fibre composite 
plate can be an alternative external strengthening material for structural strengthening. 
 
v 
TABLE OF CONTENT 
DECLARATION 




TABLE OF CONTENT v 
LIST OF TABLES viii 
LIST OF FIGURES ix 
LIST OF ABBREVIATIONS xi 
CHAPTER 1 INTRODUCTION 1 
1.1 Background of Study 1 
1.2 Problem Statement 1 
1.3 Objectives of Research 2 
1.4 Scope of Study 2 
1.5 Significance of Research 3 
1.6 Overview of Research 4 
CHAPTER 2 LITERATURE REVIEW 5 
2.1 Introduction 5 
2.2 Reinforced Concrete Beams with Openings 5 
2.3 Finite Element Analysis (FEA) 7 
2.3.1 Linear Analysis 8 
vi 
2.3.2 Non-Linear Analysis 9 
2.4 Strengthening of Reinforced Concrete Beams with Openings 11 
2.4.1 Experimental Approach 12 
2.4.2 Finite Element Modelling (FEM) 17 
2.5 Summary 23 
CHAPTER 3 RESEARCH METHODOLOGY 26 
3.1 Introduction 26 
3.2 Research Flowchart 26 
3.3 Details of Research 28 
3.4 Analysis stages 30 
3.4.1 Pre-processing data 30 
3.4.2 Solution Control 35 
3.4.3 General Post-Processing 36 
3.5 Validation of Results 37 
CHAPTER 4 RESULTS AND DISCUSSION 38 
4.1 Introduction 38 
4.2 Load-Deflection Behaviour 38 
4.2.1 Control Beam 38 
4.2.2 RC Beam Unstrengthen At Flexure 39 
4.2.3 RC Beam with Openings 40 
4.2.4 RC Beam strengthen in flexure by BFRCP 41 
4.2.5 RC Beam strengthen with BFRCP at opening 42 
4.3 Crack Pattern 43 
4.3.1 Beam without openings 43 
vii 
4.3.2 Beam with openings 45 
4.4 Stress Contour 47 
4.4.1 Beam without openings 47 
4.4.2 Beam with openings 49 
4.5 Strain Contour 51 
4.5.1 Beam without openings 51 
4.5.2 Beam with openings 53 
4.6 Validation of Results 55 
4.6.1 Load-deflection Curve 55 
4.7 Crack patterns comparisons 58 
4.8 Summary 60 
CHAPTER 5 CONCLUSION AND RECOMMENDATION 62 
5.1 Introduction 62 
5.2 Conclusion 62 





LIST OF TABLES 
Table 2.1 Beam models configuration 21 
Table 2.2 Element types in ABAQUS 23 
Table 2.3 Summary of literature reviews 25 
Table 3.1 Beam models configurations 30 
Table 3.2 Details of material model 31 
Table 3.3 Material parameters 32 
Table 3.4 Geometrical properties 33 
Table 4.1 Summary of Results and Discussions 61 
 
ix 
LIST OF FIGURES 
Figure 2.1 Reference beam 6 
Figure 2.2 Beam with square openings 6 
Figure 2.3 Beams with circular openings 7 
Figure 2.4 Example of stress-strain graph for linear material 8 
Figure 2.5 Linear stress solution of a hollow bracket shows stress 9 
Figure 2.6 Example of stress-strain graph of non-linear analysis 10 
Figure 2.7 Nonlinear stress solution 11 
Figure 2.8 Configurations of U-wrapping scheme for tested RC beams 13 
Figure 2.9 Cross section and reinforcement details of RC beams tested 13 
Figure 2.10 Bonding of jute fibre textile in strips wrap 14 
Figure 2.11 Bonding of jute fibre textile in full wrap 14 
Figure 2.12 Cross-sectional detailing of RC beams tested 15 
Figure 2.13 Strength distribution of bamboo fibre bundles and jute fibres 16 
Figure 2.14 Mechanical properties of natural fibres 16 
Figure 2.15 Beams is symmetrical about x-y and z-y planes 18 
Figure 2.16 Finite element discretisation for each structures 19 
Figure 2.17 Finite Element Model of un-strengthened RC beams 19 
Figure 2.18 Finite Element Model of strengthened RCC beams 20 
Figure 2.19 Element details used in ANSYS 20 
Figure 2.20 Cross-Section for Control Beams (CB) 21 
Figure 2.21 Cross-Section Of Unstrengthen Beam in Flexural (UBF) 22 
Figure 2.22 Cross-Section of Beam Strengthened In Flexural (SBF) 22 
Figure 2.23 Cross-Sections Of Unstrengthen Beam with Openings (UBO) 22 
Figure 2.24 Cross-Section of Strengthened Beam with Openings (SBO) 23 
Figure 3.1 Flowchart of research 27 
Figure 3.2 Schematic diagram of solid control beam 28 
Figure 3.3 Schematic diagram of beam unstrengthened at flexural 29 
Figure 3.4 Schematic diagram of beam with openings 29 
Figure 3.5 3D modelling of solid control beam (CB) 34 
Figure 3.6 3D modelling of beam with opening strengthened with BFRCP plate 
(SBO) 35 
Figure 3.7 Configurations of beam at second stages 36 
Figure 4.1 Load-Deflection Curve for CB 39 
x 
Figure 4.2 Load-deflection curve for CBUF 40 
Figure 4.3 Load-deflection curve for CBO 41 
Figure 4.4 Load-deflection curve for BSF 42 
Figure 4.5 Load-deflection curve of BSO 42 
Figure 4.6 Crack pattern for beam without opening:                                                        
(a) Control Beam, CB; (b) Beam unstrengthened at flexural, CBUF;                                
(c) Beam strengthened at flexural with BFRCP, BSF 45 
Figure 4.7 Crack pattern for beams with openings:                                                                      
(a) Beam with openings, CBO; (b) Beam with openings 
strengthened with BFRCP, BSO 46 
Figure 4.8 Stress Contour for beams without openings:                                                   
(a) Control beam, CB; (b) Beam unstrengthened at flexure, CBUF;                                  
(c) Beam strengthened at flexure with BFRCP, BSF 49 
Figure 4.9 Stress contour for beam with openings:                                                           
(a) Beam with openings, CBO; (b) Beam with openings 
strengthened with BFRCP, SBO 50 
Figure 4.10 Strain contour for beam without openings:                                                    
(a) Control beam, CB; (b) Beam unstrengthened at flexural, CBUF;                                
(c) Beam strengthened at flexural with BFRCP, BSF 53 
Figure 4.11 Strain contours for beam with opening:                                                             
(a) Beam with openings, CBO; (b) Beam with openings 
strengthened with BFRCP 54 
Figure 4.12 Load-deflection curve for FEA vs experimental of CB 55 
Figure 4.13 Load-deflection curve for FEA vs experimental of CBUF 56 
Figure 4.14 Load-deflection curve for FEA vs experiment of CBO 57 
Figure 4.15 Load-deflection curve for FEA vs experimental of SBF 57 
Figure 4.16 Load-deflection curve for FEA vs experimental of SBO 58 
Figure 4.17 Crack Pattern for CB: (a) Experimental 1; (b) Experimental 2; (c) 
FEA 59 
Figure 4.18 Crack pattern for CBO: (a) Experimental 1; (b) Experimental 2; (c) 
FEA 59 





LIST OF ABBREVIATIONS 
3D Three-dimensional 
CFRP Carbon Fibre Reinforced Polymer 
FEA Finite Element Analysis 
FEM Finite Element Method 
FRP Fibre Reinforced Polymer 
GFRC Glass Fibres Reinforced Composite 







1.1 Background of Study 
Reinforced concrete (RC) beams with openings are widely used for construction 
of high rise building. The opening became a pathway for utility purposes such as the 
pipes, electricity cables and sewage. The utilization of the dead space will allow for 
engineers to produce a more efficient building design (Aykac, Kalkan, Aykac, and 
Egriboz, 2013). Nevertheless, these web openings also will impact the strength of the RC 
beam itself as it reduces its bearing capacity. Consequently, researchers trying to 
implement glass fibres reinforced composite (GFRC) to strengthen the beam. However, 
it is found that GFRC not only harmful when peoples inhaled it but also need a higher 
cost (Paul Wambua, Jan Ivens and Department, 2003). To cater this problem, natural fibre 
polymer has been proposed as an alternative for GFRC as it is not harmful to peoples and 
also need lower cost. Realising the effectiveness of natural fibre polymer as alternative 
to GFRC, a study has investigated the mechanical properties of bamboo fibre in order to 
determine the validity of the claim (Abdul Khalil et al., 2012). But, most of studies 
involving bamboo fibre reinforced polymer only emphasis on experimental approach 
rather than finite element analysis. Thus, in this research will focus on a simulation on 
bamboo fibre plate reinforced with epoxy to strengthen around the openings by using 
ANSYS software.  
1.2 Problem Statement 
In order to allow utilities to pass through the beam but without increasing the 
height of the floor building itself, openings in the RC beams are required. Generally, it is 
desirable to provide an RC beam with openings that have the same strength of a solid 
beam with the same dimension. In theory, openings in RC beams will surely reduce its 
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compressive strength which then leads to lower load bearing capacity compared to its 
counterpart without openings. There are several characteristics of openings in beam that 
should be concern. Firstly, the location of opening as it has been proven that opening in 
flexural will cause lower deduction of ultimate capacity compared to opening in shear. 
Secondly, the size of openings in the beams will affect the cracking pattern in the beam 
in which too large opening size may cause instantly shear failure. Third, different shape 
of opening will affect the stiffness of the beam structure. There are currently two types 
of openings that commonly used which are the square and circular shape. Consequently, 
in order to regain the lost strength in RC beams, Fibre Reinforced Polymer (FRP) is opted 
to be used as the strengthening material. Researcher trying to use Carbon Fibre 
Reinforced Polymer (CFRP) as strengthening material due to its high tensile strength. 
However, it is known that synthetic fibre need relatively higher cost compared to 
conventional beam without opening. Thus, natural fibre, which is more sustainable and 
cheaper, has been opted as alternative to synthetic fibre. Although the strength inherit by 
natural fibre polymer is lower than synthetic fibre, but most of researcher agreed that the 
increase in strength produced is enough and practical to be used. 
1.3 Objectives of Research 
The objectives of this research are as follows: 
i) To identify the properties of all elements in Finite Element Analysis (FEA) 
ii) To determine the behaviour of RC beams with and without strengthening with 
BFRCP     in term of load-deflection, cracking patterns, stress contours and strain contours 
in FEA 
iii) To validate the experimental results and finite element results. 
1.4 Scope of Study 
In this study, a three-dimensional (3D) modelling using ANSYS software was 
conducted. The behaviour of RC beams with and without openings were analysed as well 
as the beams behaviour after strengthening using BFRCP. Those behaviour included 
stresses-strains contours, load-deflection curve and crack pattern. There were two (2) 
types of beams had been included to be analysed in this thesis which were RC beams 
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unstrengthened with BFRCP and RC beams strengthened with BFRCP. RC beams 
unstrenghtened with BFRCP consisted of solid control beam (CB), solid beam 
unstrengthened at flexural (CBUF) and RC beam with openings (CBO. For RC beams 
strengthened with BFRCP, solid beam strengthened at flexural (SBF) and beam with 
openings strengthened at shear (SBO) were analysed. Then, the load-deflection curve, 
crack pattern and stress-strain contour diagram obtained from simulation were compared 
with experimental results for validation. The concrete grade used for modelling the RC 
beams with and without opening in this research was grade 30 (G30). All types of RC 
beams modelled have the same dimension. The width and height of the RC beams was 
120 mm x 300 mm respectively with the length of 1500 mm. As for the openings, there 
were 2 openings with diameter of 120 mm located at shear zone. The distance from centre 
to centre of the circular openings to the end of the beam is 310 mm. The main steel 
reinforcement used for the RC beams were two steel bars with diameter of 10 mm for 
both tension and compression regions. The shear link used was steel reinforcement with 
diameter of 6 mm at 100 mm centre to centre. Lastly, BFRCP will have width of 120 mm 
and length of 450 mm. 
1.5 Significance of Research 
Due to limited space to build houses in Malaysia especially in Kuala Lumpur, 
most of the developers opted to build high rise building such as a flat house. Nevertheless, 
as the number of floor needed increases so does the cost and the time needs to build it. 
Henceforth, beams with openings have the capability to solve the issue as it needed lesser 
cost and time as materials used will be reduced. To cater the losses in strength and shear 
capacity due to the openings, researcher trying to implement various techniques to satisfy 
the strengthening requirement. For this purpose, the development of FRP materials offers 
an alternative design approach to strengthen the existing structures. As a result, one of 
the FRP which is BFRCP is opted to be used in these research. There were much research 
proved that BFRCP able to replace synthetic fibre such as Carbon Fibre Reinforced 
Polymer as it does not only improve the strength of RC beams but also need lower cost 
and eco-friendly. The decision to run FEA instead of experimental approach is that it 
provides result in lesser time compared to experimental approach. This is because it does 
not require to undergo a tedious procedure to obtain the data. FEA also does not need 
64 
REFERENCES 
Abdul Khalil, H. P. S., Bhat, I. U. H., Jawaid, M., Zaidon, A., Hermawan, D., & Hadi, Y. S. 
(2012). Bamboo fibre reinforced biocomposites: A review. Materials and Design, 42, 
353–368.  
Akroush, N., Almahallawi, T., Seif, M., & Sayed-Ahmed, E. Y. (2017). CFRP shear 
strengthening of reinforced concrete beams in zones of combined shear and normal 
stresses. Composite Structures, 162, 47–53.  
Anil, Ö., Kaya, N., & Arslan, O. (2013). Strengthening of one way RC slab with opening using 
CFRP strips. Construction and Building Materials, 48, 883–893.  
Aykac, B., Kalkan, I., Aykac, S., & Egriboz, Y. E. (2013). Flexural behavior of RC beams with 
regular square or circular web openings. Engineering Structures, 56, 2165–2174.  
Chen, H., Miao, M., & Ding, X. (2009). Influence of moisture absorption on the interfacial 
strength of bamboo/vinyl ester composites. Composites Part A: Applied Science and 
Manufacturing, 40(12), 2013–2019.  
Chin Wei, S. (2015). NUMERICAL ANALYSIS ON THE BEHAVIOUR OF CFRP SHEAR-
STRENGTHENED RC DEEP BEAMS WITH LARGE SQUARE AND CIRCULAR 
OPENINGS. University Malaysia Pahang. 
Chun Mun, S. (2014). FINITE ELEMENT ANALYSIS OF RC DEEP BEAMS WITH 
OPENINGS STRENGTHENED BY CARBON FIBER REINFORCED POLYMER ( 
CFRP ), 1–108. University Malaysia Pahang 
Dere, Y., & Dede, F. T. (2011). Nonlinear Finite Element Analysis of an R/C Frame Under 
Lateral Loading, 16(4), 947–958. 
FINI TE ELEM ENT ANALYSIS Theory and Application with ANSYS. (2015). University 
Malaysia Pahang. 
Foo Sheng, T. (2018). STRENGTHENING OF RC BEAMS WITH OPENINGS USING 
BAMBOO FIBER REINFORCED COMPOSITE (BFRC) PLATES. University Malaysia 
Pahang. 
Hafiz, R. B., Ahmed, S., Barua, S., & Chowdhury, S. R. (2014). Effects of Opening on the 
Behavior of Reinforced Concrete Beam. IOSR Journal of Mechanical and Civil 
Engineering, 11(2), 52–61. 
Hawileh, R. A., El-Maaddawy, T. A., & Naser, M. Z. (2012). Nonlinear finite element 
modeling of concrete deep beams with openings strengthened with externally-bonded 
65 
composites. Materials and Design, 42, 378–387.  
Islam, M. M., Khatun, M. S., Ul Islam, M. R., Dola, J. F., Hussan, M., & Siddique, A. (2014). 
Finite element analysis of steel fiber reinforced concrete (SFRC): Validation of 
experimental shear capacities ofbeams. Procedia Engineering, 90, 89–95.  
Ivančo, I. V. (2011). Nonlinear Finite Element Analysis. Faculty of Mechanical Engineering, 
Technical University of Košice, Slovakia, (June). 
Jawdhari, A., & Harik, I. (2018). Finite element analysis of RC beams strengthened in flexure 
with CFRP rod panels. Construction and Building Materials, 163, 751–766.  
Manos, G. C., Theofanous, M., & Katakalos, K. (2014). Numerical simulation of the shear 
behaviour of reinforced concrete rectangular beam specimens with or without FRP-strip 
shear reinforcement. Advances in Engineering Software, 67, 47–56.  
Okubo, K., Fujii, T., & Yamamoto, Y. (2004). Development of bamboo-based polymer 
composites and their mechanical properties. Composites Part A: Applied Science and 
Manufacturing, 35(3), 377–383.  
Pachalla, S. K. S., & Prakash, S. S. (2017). Efficient near surface mounting CFRP strengthening 
of pretensioned hollowcore slabs with opening – An experimental study. Composite 
Structures, 162, 28–38.  
Panasyuk, V. V., Sylovanyuk, V. P., & Marukha, V. I. (2014). Injection technologies for the 
repair of damaged concrete structures. Injection Technologies for the Repair of Damaged 
Concrete Structures, 9789400779, 1–230.  
Paul, N. K., & Saha, S. (2011). Improvement of Load Carrying Capacity of a RCC T- Beam 
Bridge Longitudinal Girder by Replacing Steel Bars with S . M . A Bars, 536–540. 
Paul Wambua, Jan Ivens, I. V., & Department. (2003). Natural fibres: can they replace glass in 
fibre reinforced plastics? Composites Science and Technology, 63(9), 1259–1264.  
Sen, T., & Jagannatha Reddy, H. N. (2013). Strengthening of RC beams in flexure using natural 
jute fibre textile reinforced composite system and its comparative study with CFRP and 
GFRP strengthening systems. International Journal of Sustainable Built Environment, 
2(1), 41–55.  
Sen, T., & Reddy, H. N. J. (2011a). A Numerical Study of Strengthening of RCC Beam using 
Natural Bamboo Fibre. International Journal of Computer Theory and Engineering, 3(5), 
707–713.  
Sen, T., & Reddy, H. N. J. (2011b). Application of Sisal , Bamboo , Coir and Jute Natural 
66 
Composites in Structural Upgradation. International Journal of Innovation, Maagement 
and Technology, 2(3), 186–191.  
SolidWorks. (2010). Understanding Nonlinear Analysis. White Paper, 15. Retrieved from 
https://www.solidworks.com/sw/docs/Nonlinear_Analysis_2010_ENG_FINAL.pdf 
Taylor, T. P., & Matlock, H. (1968). A FINITE-ELEMENT METHOD OF ANALYSIS FOR 
COMPOSITE BEAMS Development of Methods for Computer Simulation of Beam-
Columns and Grid-Beam and Slab Systems, (56). 
Wai Kit, Y. (2016). FINITE ELEMENT ANALYSIS OF RC BEAMS WITH BAMBOO 
FIBER REINFORCED COMPOSITE PLATE USING ABAQUS. University Malaysia 
Pahang 
 
